Cyclura lewisi is an endangered rock iguana endemic to the island of Grand Cayman. Like many other animals, C. lewisi increasingly depends on modified landscapes for its survival. The remaining natural population is too small and fragmented to yield information on the natural history and population biology of this species. Therefore, we studied habitat use in a population of captive-bred, released iguanas in a botanic park. Compositional analysis was used to examine habitat selection and use by iguanas at two scales: selection of home range within the landscape and selection of locations within home ranges. At both scales and for all time periods examined, iguanas preferred modified habitat to natural habitat. Subhabitats were examined only at the scale of selection within the landscape, for which iguanas showed preference in some but not all time periods. Iguanas used artificial retreats more often than natural retreats and commonly occupied retreats in modified areas. Many female iguanas nested in artificial sites within the park. The use of modified habitats and artificial retreats and nests by reintroduced C. lewisi is encouraging, because this and other species of Cyclura may depend on these resources for future survival.
INTRODUCTION
Human modification and fragmentation of natural ecosystems are substantial and increasing worldwide (Vitousek et al., 1997) . Therefore, scientists cannot afford to focus research and conservation efforts solely on pristine habitats and must expand their efforts to include disturbed areas (Rosenzweig, 2003) . Recently, many studies have examined the ecology and behaviour of species in urban and other anthropogenically-modified areas (Koenig, Shine & Shea, 2001; Wood & Pullin, 2002; Gehrt & Chelsvig, 2003; Godefroid & Koedam, 2003; Spinks et al., 2003; Evelyn, Stiles & Young, 2004) , with the increasing recognition that these areas may serve as reservoirs of biodiversity if managed properly (Marzluff & Ewing, 2001; Pickett et al., 2001; Melles, Glenn & Martin, 2003; Zerbe et al., 2003) .
Certain taxa may depend largely on disturbed habitats for their survival. One such group is the largely threatened rock iguanas of the genus Cyclura which increasingly experience rapid encroachment by humans in their island habitats throughout the West Indies (Alberts, 2000) . The Grand Cayman blue iguana, Cyclura lewisi, is endemic to the island and critically endangered, with only 7-25 wild iguanas remaining (Alberts, 2000; Burton, 2002) . A captive breeding and release program, initiated in 1990 by the National Trust for the Cayman Islands, has produced a small population of reintroduced iguanas that were confirmed to be reproducing in 2001. No indepth studies on the behaviour or ecology of this species have been published, and the remaining wild population is too small and fragmentary to yield useful data on natural history and population biology. Therefore, the reintroduced population serves as a valuable source of information that can be used for conservation planning.
To develop strategies for reintroducing and managing C. lewisi and other iguanas throughout the West Indies, it is important to understand how iguanas respond to the modified landscapes on which they increasingly depend. Therefore, we investigated the use of habitats and resources by C. lewisi in an area containing both natural and human-modified areas. The objectives of our study were (1) to determine if iguanas differentially used modified and natural habitats and subhabitats within each and (2) to determine the kinds of overnight retreats used most frequently by iguanas and the habitats in which those retreats were found. Habitat and retreat use where investigated by radiotracking, behavioural observation and regular monitoring of the reintroduced population of C. lewisi. In addition to examining which habitats were important to these iguanas, we qualitatively assessed the threats present in these habitats. 
METHODS AND MATERIALS

Study site and population
Our study was based at the Queen Elizabeth II Botanic Park (24.3 ha), located at 19
• 19 N, 81
• 10 W and approximately 2m above sea level on Grand Cayman. The study site (total of 55.2 ha) includes surrounding area used by iguanas initially found in the park (Fig. 1) .
The reintroduced population in our study site consisted of 15-20 iguanas during each season. The iguanas in this population were captive-bred on site and released at 2-3 years of age, when they are thought to be less vulnerable to predation (Alberts 2000) . Our study population consisted of all iguanas in the park that were released at least 1 year prior to the initiation of this study. Therefore, study subjects (n = 13; all 3-7 years of age) were sexually mature adults.
Habitat mapping and description
We constructed a habitat map of the study site ( Fig. 1) based on a 1990 aerial photograph of the area (Cayman Islands Government's Land Information System) and direct surveys. We first classed all land into major habitat categories defined as modified (heavily modified by humans during construction of the park) and natural (not recently modified as above, although may include land logged during the past century). We then further divided these habitat categories into subhabitats. Modified portions of the park were visited frequently during the study and were plainly visible in the aerial photograph. Modified habitat was divided into three subhabitats: ecotone (habitat bordering roads and trails that contains slightly modified natural habitats); roads and trails (roads, trails and parking lots); and staff and visitor areas (all remaining modified areas, including ornamental gardens, manicured lawns and buildings). During the course of the study, we discovered supplemental feeding by visitors and staff in the park which, although unquantified, appeared to be more frequent in modified habitats.
Ninety parcels of natural habitat were mapped on the basis of hue and heterogeneity of colour in the aerial photograph of the study site, viewed at a scale of 1:2000 in Arcview R GIS version 3.2. On this map, 200 survey points were distributed as evenly as possible within parcels. These points, located using a Garmin R GPS 12XL, were surveyed during Nov 2002. An additional 280 ad hoc locations were surveyed and marked with GPS coordinates en route to the original 200 locations. At each location, canopy height was estimated visually to the nearest metre and predominate substrates and trees were recorded. Subhabitats were described on the basis of a former botanic survey of the park (Burton, 1990 ) and on observations during surveying in the current study. Parcels of natural habitat were categorised into the following subhabitats: buttonwood swamp (Conocarpus erectusdominated, flooded), logwood swamp (Haematoxylum campechianum-dominated, seasonally flooded), dry evergreen forest on rock substrate, dry evergreen forest on soil substrate, dry evergreen shrubland, and a mosaic of patches of swamp and evergreen forest. Descriptions of all subhabitats are given in Table 1 and in Goodman (2004) .
Iguana capture and tracking
Iguanas were located during May-Nov of 2001 and 2002 by walking transects (consisting of trails and roads in the park) and surrounding areas. Iguanas were captured by hand or by using a landing net or Havahart R single door trap, sexed by probing, measured using a fold-out ruler and tagged in the nuchal crest with unique bead combinations as described by Rodda et al. (1998) . Radio transmitters (Holohil Systems, Ltd. model AI-2, 35-40 g, 45 mm × 15 mm diameter cylinder with 23 cm whip antennae) were attached to large males (36-49 cm snout-vent length (SVL), 80-118 cm total length (TL), 2.2-5.1 kg) by suturing them below the posterior dorsal crest, along with an aluminum backing plate and neoprene pads for protection. Transmitters were attached to females (27-38 cm SVL, 69-93 cm TL, 0.9-2.7 kg) by encasing the transmitters in plastic and gluing the transmitter package to the posterior dorsum with cyanoacrylate gel. See Goodman (2005) for details on radio transmitters and attachment methods.
Iguanas (males n = 5, females n = 6) were tracked using radiotelemetry (Wildlife Materials, Inc. TRX-1000S tracking receiver and collapsible, hand-held yagi antenna) for 14-17 day periods during the summer (MayJul) and autumn (Sep-Nov) of 2002. All iguanas were radio-located 3-8 times daily to ensure sampling of seldomly used habitats (Garshelis, 2000) , with hours of tracking standardised to ensure an even distribution over the active hours of iguanas'. We omitted from our radiotelemetry data repeated locations of an iguana prior to the first movement of >10 m within a day. Autocorrelation still existed in location data (Schoener ratio (t 2 /r 2 ) mean = 1.030, SD = 0.401 for both seasons: Schoener, 1981) . However, because individuals and not locations were the sample units in analyses of habitat use, autocorrelation of successive locations was not problematic (Aebischer, Robertson & Kenward, 1993; Otis & White, 1999) .
To estimate iguana locations when visual verification was not possible, 2-4 bearings were taken from known locations in the park with a 10-minute maximum period. The majority of bearings (95.3%, n = 1237) were taken from locations with GPS coordinates obtained multiple times and verified with aerial photography of the study site provided by the Cayman Islands Government's Land Information System (image date 1999). Triangulation of iguana locations was performed with TELEM88 (Coleman & Jones 1988) To offset a potential bias of locating iguanas in open areas, each iguana was followed for the remainder of the day of location, then from emergence the following day until the time of detection the previous day. A total of 357.5 hours of observations were collected (n = 5 males, n = 8 females), with an average total observation time per individual of 29.7 hours (SD = 16.8). Retreat use during focal animal observations and transect walks conducted 1-8 times daily over the entire study period was recorded.
Analysis of retreat use
We calculated percentages of retreat use for natural sinkholes, artificial retreats and trees, and percentages of retreat use in modified and natural habitats. These Table 1 . Descriptions of modified and natural subhabitats in the study site at Queen Elizabeth II Botanic Park, Grand Cayman, based on a former survey (Burton, 1990) percentages were calculated from data obtained using only focal animal observation and radiotracking, because transect walks were more likely to detect retreat use in modified habitats. We first examined repeated use of retreats by single or multiple iguanas based on all methods of observation and then based on only focal animal observation and radiotracking.
Analysis of habitat use
Home ranges were estimated for iguanas in each tracking session using the Animal Movement extension (Hooge & Eichenlaub, 1997) in Arcview R GIS version 3.2. Minimum convex polygon home ranges (MCP) containing all locations from radiotelemetry, transect walks and behavioural observations (mean = 244, range = 100-358 locations per iguana) were constructed for the entire 2002 study. The 95% contours of probabilistic, fixed kernels were used to estimate home ranges (kernel) for each season (mean = 80, range = 60-87 locations per iguana) and both seasons combined (mean = 146, range = 67-171 locations per iguana).
We used compositional analysis of habitat use in SAS version 9.0 (bycomp.sas: Ott & Hovey, 1997; SAS Institute Inc., 2002) to determine whether habitats and subhabitats were preferred (i.e. used disproportionately relative to their availability). This method uses multivariate regression analysis to compare log ratios of used to available habitats (Aebischer et al., 1993) . Compositional analysis was chosen because of (1) generation of preference rankings that are independent of habitat availability, (2) statistical testability of habitat preferences, (3) use of individuals rather than locations as samplings units and (4) robustness when some habitats are rarely used (Aebischer et al., 1993) . Studies of habitat use increasingly examine multiple spatial and temporal scales because animals may exercise different preferences at various scales (Johnson, 1980; Garshelis, 2000; Bond et al., 2002; Lyons, Gaines and Servheen, 2003) . We chose to examine two scales of habitat selection: selection of home ranges within the defined study area and selection of locations within home ranges (i.e. second and third order selection, respectively, sensu Johnson, 1980) . To examine habitat selection by iguanas within the study site (second order analysis), kernel home ranges of iguanas were overlaid on the study site and overlap of each habitat was compared to availability of that habitat within the study site. For this analysis, available habitat (i.e. the study site) was defined as the total area encompassed in MCP and kernel home ranges of iguanas monitored and radiotracked in 2002. There is no universally agreedupon definition for available habitat (McClean et al., 1998; Garshelis, 2000) . We chose our definition to represent habitat that had been reached by iguanas that were released in the park. Kernel home ranges were chosen for this analysis because they better represent the actual area used by iguanas relative to MCPs, which are sensitive to outliers and include area never visited (Powell, 2000) . We examined second order selection at the levels of habitats and subhabitats. To examine habitat selection by iguanas within home ranges (third order analysis), the proportion of radiotracking locations found in each habitat for an individual was compared to the availability of habitats within that individual's MCP home range for 2002. For this analysis, the MCP estimate was used because it better represents the total area potentially known and traversed by the animal relative to kernel estimates, which contain only area used commonly during a tracking period (Powell, 2000) . Third-order analysis was performed only at the level of habitats because available areas (2002 MCP home ranges) differed for individuals and often lacked some subhabitats entirely.
In all analyses, usage values of zero were replaced with the small value of 0.001 as suggested by Aebischer et al. (1993) . All analyses of habitat use were performed for the summer and autumn radiotracking periods first separately and then combined.
RESULTS
Retreat use
In 2001 and 2002, 489 uses of retreats by iguanas were verified. Of these, 173 instances were verified using the unbiased methods of radiotracking and focal animal observation and these are used in the following summary. Artificial retreats, which included piles of construction and waste material, cavities in rock piles and spaces under buildings, made up 72.8% (126 out of 173 incidents) of unbiased observations of retreat use (Table 2) . Natural sinkholes in limestone and dolostone rock substrate comprised 17.3% (30 out of 173) of retreat use and the remaining 9.8% (17 of 173) consisted of iguanas spending Sample size (n), Wilk's λ resulting from multivariate analysis of log-ratios of habitat use and availability, F-ratio (F) with associated degrees of freedom (df), and P-value (P) are shown for tests in each season separately and for both seasons combined in 2002. Sample size (n), Wilk's λ resulting from multivariate analysis of log-ratios of habitat useand availability, F-ratio (F) with associated degrees of freedom (df), and P-value (P) are shown for tests in each season separately and for both seasons combined in 2002.
the night in tree hollows or exposed on tree limbs. Within artificial retreats (n = 16 retreats), 56.3% (9 out of 16 retreats) were cavities in piles of rock. The majority of retreat uses (82.1%, 142 out of 173) were in modified habitat, with most (123 out of 173) occurring in staff and visitor areas, a minority (19 out of 173) occurring in the ecotone subhabitat and none occurring on roads and trails. Retreat use in natural habitat accounted for a minority (17.9%, 31 out of 173) of total use. Retreat reuse was greater for artificial retreats than for natural retreats (Mann-Whitney U test, n 1 = 17, n 2 = 19, S = 407.5, P = 0.0018). Average reuse was 7.4 times (SD = 5.6) for artificial retreats and 2.5 times (SD = 2.7) for natural retreats (sinkholes and trees combined).
Based on all methods of observation, retreat use by multiple iguanas occurred more frequently for artificial than for natural retreats. Only one sinkhole was used by more than one iguana, whereas five artificial retreats were used multiple times, with one retreat used by four iguanas over time. No trees were used by more than one iguana. The trend was similar when examining only data obtained by unbiased methods of observation, with three artificial retreats, one sinkhole and no trees being used by multiple iguanas. For all types of retreats, reuse from one year to the next was observed. Multiple iguanas did not occupy the same retreat simultaneously.
Habitat use
Kernel home ranges of iguanas revealed significant selection (second order) of habitats within the study site in the summer, autumn and overall (Table 3) . In all time periods, home ranges were composed of a greater proportion of modified habitat than natural habitat, relative to availability.
Kernel home ranges showed selection of subhabitats in the summer within modified habitat in the study site, but not in the autumn or for summer and autumn combined (Table 4) . Within modified habitat, subhabitats were significantly preferred during the summer in the following rank order: visitor and staff areas, ecotone, roads and trails (Table 4) . Home ranges were composed of a greater proportion of the visitor and staff areas subhabitat relative to that available within modified habitat in each season, but this trend only approached statistical significance when the summer and autumn data were combined (Table 4) .
Within natural habitat in the study site, subhabitats were preferred in the following ranked order for all time periods: forest rock, forest soil, buttonwood, logwood, mosaic, shrubland. Differences in preference approached statistical significance in the summer and autumn seasons alone, but were significant only when data from both seasons were combined (Table 4) .
Within MCP home ranges (third order selection), iguanas preferred modified habitat to natural habitat in the summer and both seasons combined, but not in the autumn (Table 3) .
DISCUSSION
Retreat use
The reintroduced population of Cyclura lewisi commonly used natural sinkhole retreats, as reported for this species by Grant (1940) and for several other species of Cyclura (Carey, 1966 (Carey, , 1975 Wiewandt, 1977; Gicca, 1980; Cubillas Hernández & Berovides Alvarez, 1991; Alberts, 2000) . However, C. lewisi most often used artificial retreats during our study. During this study, C. lewisi rarely slept in trees, as has been reported in a few species of Cyclura (Iverson, 1979) . Retreats in our study site were reused by single and multiple iguanas, although not by multiple individuals simultaneously as has been found in some species of Cyclura (Wiewandt, 1977; Iverson, 1979; Cubillas Hernández & Berovides Alvarez, 1991) .
During the majority of our observations, iguanas used and reused artificial retreats and used retreats in modified habitat. We cannot discern whether iguanas used artificial retreats more commonly because they were present in already preferred modified habitat, or if iguanas preferred modified habitat because of the presence of artificial retreats. In either case, the common use of artificial retreats by C. lewisi suggests the option of supplementing this potentially limiting resource for conservation management. During this study, we noted that natural sinkhole retreats often flooded during the wet season (May-Nov), whereas artificial retreats in modified areas did not because these areas were built on elevated foundations. Therefore, we suggest the construction of artificial retreats in areas not prone to flooding, using the limestone and dolostone rock that forms the natural sinkhole retreats preferred by iguanas in this study.
All but one population of Cyclura studied to date dig nest burrows in sand or soil (Knapp et al., 1999; Rodríguez Schettino, 1999; Alberts, 2000) and this appears to be the case for C. lewisi as well. During the current study we observed that the majority of females in the park (4 out of 7 in 2001, 7 out of 10 in 2002) dug nest burrows in artificial sites, including garden beds and soil piles. We cannot present percentages for female C. lewisi that nested in modified versus natural sites because we did not radiotrack females during the nesting season. Also, the viability of artificial nests in our site has not been compared to that of nests in natural substrates. Nevertheless, the fact that artificial substrates are readily accepted as nest sites suggests a further management option which has been used in other reptiles (Webb & Shine, 2000; Nelson et al., 2002; Milne, Bull & Hutchinson, 2003) , especially since suitable natural nest substrates appear to be scarce in our study area.
Habitat use
Iguanas preferred modified habitats to natural habitats, both in terms of overall home range as well as individual locations within home ranges. The preference for modified habitats may be explained in part by the greater abundance and diversity of food resources present, in the form of native and non-native plants and direct supplemental feeding by humans. Modified habitats in the botanic park also contain more open area with reduced or no canopy cover, a factor that may provide increased opportunities for basking and thermoregulation compared to natural habitats. Within modified habitats, the iguanas' preference for visitor and staff areas may be due to the frequent presence of humans and associated supplemental food or some other factor.
Within natural habitats, forest on rock substrate was the preferred subhabitat. The abundance of natural sinkhole retreats outside of periodic episodes of flooding may explain the frequent use of this subhabitat. Other factors may also contribute to the iguanas' preference, such as high plant diversity in this subhabitat, which contains many areas that are historically undisturbed. However, potential nesting sites containing soil and sand are scarce or absent in forest rock.
The inland shrubland subhabitat was avoided by iguanas during this study. This result appears contradictory to reports of use of this habitat by closely related iguana species elsewhere in the Caribbean (for a review, see Alberts, 2000) . The shrubland category in our study site is a heterogeneous mixture of natural xerophytic shrubland with a high diversity of plants, and second growth successional habitat that is dominated by non-native logwood trees and occasionally floods. The pooling of various types of shrubland into one category based on vegetation structure alone, and not composition or diversity, warrants caution in extrapolating avoidance of shrubland by iguanas in this site to natural shrubland elsewhere.
Management implications
Because pristine habitats on Grand Cayman are limited, our finding that iguanas will use modified habitat is encouraging. However, caution must be exercised in the extrapolation and application of our results. First, habitats that are used infrequently by animals may nevertheless be important to their survival and reproduction (Garshelis, 2000) . Second, preference of habitats is not necessarily correlated with fitness resulting from habitat use (Garshelis, 2000) . We could not investigate this relationship in our study because of small sample size. Although urban or disturbed areas may be used and even preferred by some animals, they may nevertheless result in increased parasitism, altered behaviour and reduced fitness (Boal & Mannan, 1999; Rubin et al., 2002; Lacy & Martins, 2003) . In the light of these possibilities, we qualitatively examined the potential dangers posed to iguanas at this study site in their preferred modified habitat.
Non-native species of predators, specifically cats and dogs, were actively excluded from the park and, therefore, did not pose a large threat to iguanas. However, where cats and dogs co-occur with Cyclura, they have been shown to decimate populations of these iguanas and even cause local extinctions (Iverson, 1978; Alberts, 2000) . Therefore, if C. lewisi is to be introduced or managed in disturbed areas, active control of exotic predators is essential.
Vehicular collisions are a major source of mortality for many animals (Oxley, Fenton & Carmody, 1974; Ashley & Robinson, 1996; Carr & Fahrig, 2001; Koenig, Shine & Shea, 2002) , including iguanas. During 2001 and 2002, three out of 15-20 resident iguanas were run over by vehicles, one fatally. In two of these instances, iguanas were run over after seeking shade underneath parked vehicles. No iguanas were known to be run over by forward-moving vehicles, probably because of the slow speeds driven in the park. Low speed limits and signs warning people of iguanas basking on roads or seeking shade under cars should be a critical component of reintroduction programs for these and other iguanas in modified areas with vehicular access.
Supplemental feeding of iguanas in the park was discovered during this study, although it is discouraged by the present management. Human foods, such as meats and rice, which are not typically consumed by these primarily herbivorous lizards, pose unstudied potential health risks. Uncontrolled feeding by humans may also lead to dependency and behavioural changes, including increased aggression towards humans (pers. obs.; Lacy & Martins, 2003; Iverson, Smith & Pieper, 2004) .
Our study found that reintroduced C. lewisi in a botanic park on Grand Cayman preferentially occupied modified habitats and frequently used artificial retreats and nest sites. Because this and other species of iguanas face shrinking natural habitats, our results are encouraging. We suggest that C. lewisi and possibly other iguanas can successfully use modified habitats if managed so that safeguards are taken against unnatural predation, vehicular collisions and uncontrolled supplemental feeding.
